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Abstract 
The Scan Basin is the easternmost of the southern Scotia Sea basins. It is located in a complex 
tectonic setting, north of the boundary between the Scotia and Antarctic plates. In addition, 
Scan Basin is directly to the north of Bruce Passage, which connects the Scotia and Weddell seas 
through the northward overflow of the Weddell Sea Deep Water (WSDW). Scan Basin has been 
described as an isolated small oceanic basin, where the fan-shaped abyssal plain is bounded by 
Bruce and Discovery banks. Sedimentary processes involved in the development of the Scan 
Basin sediment record during the late Pliocene-Quaternary are discussed here, through the 
examination of the distribution and morphological and acoustic characteristics of erosional, 
depositional, gravitational, fluid-escape, and volcanic features in correlation to the geological 
and oceanographic setting. The abyssal plain reflects the action of high-energy bottom-current 
circulation along its western side and lower-energy bottom currents along the eastern side. In 
contrast, Discovery Bank reflects a highly dynamic interplay between bottom-current activity, 
mass-wasting processes, and processes linked to the water mass interfaces. Variations in the 
abyssal plain stratigraphy are associated with events that may be related to climate changes 
since the late Miocene, involving increased bottom-current circulation and variations in the 
interaction between the WSDW and the Antarctic Circumpolar Current. The Scan Basin sector is 
one example of a contourite depositional system developed downstream of a deep gateway 
exit, and its major depositional characteristics allow its classification as a contourite fan. These 
new findings contribute to clarifying the development of contourite fans in regions of significant 
bottom-water interchange. 
Keywords: Scotia Sea; seafloor morphology; seismic stratigraphy; bottom-current circulation; 
contourite fan 
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1. Introduction 
Contourite depositional and erosional processes reflect the influence of bottom currents in 
deep-sea environments. They have been the focus of extensive attention in recent decades due 
to their scientific, social, and economic relevance as they constitute targets for 
palaeoclimatology and palaeoceanography studies, geological hazard assessment, and 
hydrocarbon exploration (Rebesco et al., 2014). Several classifications of contourite erosional 
and depositional morphologies have been proposed (Faugères et al., 1993, 1999; Rebesco and 
Stow, 2001; Stow et al., 2002; Faugères and Stow, 2008; Hernández-Molina et al., 2008b; 
Rebesco et al., 2014). Contouritic features have been associated into Contourite Depositional 
Systems (CDS) and Complexes (Hernández-Molina et al., 2008a; Rebesco and Camerlenghi, 
2008). Of the variety of contourites defined in the literature probably the least studied is the 
contourite fan, of which the Vema Fan is the best-known example (Faugères et al. 1993; 
Mézerais et al. 1993; Faugères et al. 1998). This fan is a cone-shaped sedimentary body 
deposited by the activity of the Antarctic Bottom Water (AABW) downstream of the Vema 
Channel exit in the southeast Brazilian Basin (Faugères et al. 1993). It is bounded by two major 
contourite channels, along which main cores of the bottom-water masses flow with the highest 
intensity, generating widespread erosion. The Sunda Basin drift (Sunda forearc region, 
Indonesia) shares some of the large-scale geomorphological patterns of contourite fans, 
although it has been defined as a confined sediment drift (Reed et al., 1987). It is composed of a 
central mound laterally bounded by base-of-slope channels related to the Pacific Ocean Deep 
Water flow. A contourite fan in the Scotia Sea has more recently been studied in detail and has 
revealed the interaction between the Weddell Sea water masses and the Antarctic Circumpolar 
Current (Maldonado et al., 2003; Hernández-Molina et al., 2008b), but high-resolution analysis 
focusing on the sedimentary processes and their relation with present oceanographic processes 
are still relatively scarce on contourite fans.  
Scan Basin is one of the small basins through which the Weddell Sea Deep Water (WSDW) flows 
from the Weddell Sea to the Scotia Sea. The WSDW is involved here in the deposition of a 
complex contourite system, including a contourite fan, as it interacts with the Antarctic 
Circumpolar Current (ACC). The study of this system has provided important evidence of the 
regional palaeoceanographic evolution in relation to the opening of the Drake Passage 
(Maldonado et al., 2003; Hernández-Molina et al., 2007). Although the influence of the ACC 
flow in sedimentation has been demonstrated in other regions of the Scotia Sea based on high-
resolution profiles (Owen et al., 2014), the Scan Basin stratigraphy has been mostly studied 
from multi-channel seismic profiles that allowed establishing its tectonic development and 
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sedimentation since the opening of the basin (Hernández-Molina et al. 2007; Pérez et al., 
2014a,b). In this work we characterize in detail the Scan Basin contourite features based on 
high-resolution datasets with two main objectives: 1) to determine the role played by 
sedimentary and oceanographic processes -and their interaction- in the Late Pliocene-
Quaternary evolution of the Scan Basin; 2) to provide a high-resolution approach to the study of 
contourite fans in order to improve conceptual diagnostic features of these depositional 
systems. 
2. Geological and oceanographic framework 
2.1. Scan Basin in the context of the Scotia Arc  
Scan Basin is the easternmost of a series of small basins in the southern Scotia Sea, north of the 
South Scotia Ridge (SSR) and including, from west to east: the Ona, Protector, Dove, and Scan 
basins (Fig. 1; British Antarctic Survey, 1985; Maldonado et al., 1998; Bohoyo et al., 2007; 
Galindo-Zaldívar et al., 2002, 2006; Lodolo et al., 2006, 2010; Maldonado et al., 2015). The SSR 
constitutes the plate boundary between the Scotia and Antarctic plates. Present-day tectonic 
activity is characterized by sinistral transcurrent motion along continental blocks of the SSR as 
revealed by the distribution of earthquake epicentres (Balanyá et al. 1999; Galindo-Zaldívar et 
al., 2002; Bohoyo et al. 2007). Bruce Passage forms a gateway through the SSR that connects 
Jane Basin in the Antarctic Plate with Scan Basin in the Scotia Plate. The passage is 3,000 m 
deep and is constricted to the east by a WNW-ESE-oriented basement high (Fig. 1b; Bohoyo et 
al., 2002; Hernández-Molina et al., 2007; Lodolo et al., 2010). 
Laterally, Scan Basin is bounded by Bruce Bank to the west and by Discovery Bank to the east, 
and opens to the Scotia Sea to the north. The banks are mainly fragments of thinned 
continental crust dispersed throughout the southern sector of the Scotia Arc after the opening 
of Drake Passage. This opening occurred during the Eocene–Oligocene and led to the 
connection of the Pacific and the Atlantic oceans (Barker, 2001; Lawver and Gahagan, 2003; 
Maldonado et al., 2006; Livermore et al., 2007; Dalziel, 2013; Eagles and Jokat, 2014; 
Maldonado et al., 2014). The Scan Basin is mainly floored by oceanic crust and has ENE- to NNE-
trending sinistral transcurrent faults in the southern basin that become NNW-oriented to the 
north (Pérez et al., 2014a). These features have been related with the opening of the basin that 
led to the separation of Bruce and Discovery banks (Lodolo et al., 2010; Civile et al., 2012), 
probably coevally with the opening of Drake Passage (Pérez et al., 2014a). 
2.2. Oceanography 
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The Scotia Sea region is dominated by thermohaline circulation, of which Antarctica is the major 
contributor in the global circulation scheme (Speer et al., 2000; Morozov et al., 2010). 
Generally, the most prominent oceanographic feature is the ACC, which propagates from west 
to east around the Antarctic continent with relatively warm, saline water. It is composed of 
three fronts (Sub-Antarctic, Polar and Southern fronts, from north to south) and in the Scotia 
Sea it is strongly affected by the seafloor topography (Tarakanov, 2012). 
In the Scotia Sea, the shallowest water mass is the Antarctic Surface Water (AASW; Naveira 
Garabato et al., 2002a). Below, the Circumpolar Bottom Water (CBW) and the Warm Deep 
Water (WDW) occupy the same depths, but the WDW is south of 58–59ºS (Fig. 2a; Naveira 
Garabato et al., 2002a). The CBW is the densest portion of the Circumpolar Deep Water (Orsi et 
al., 1999; Morozov et al., 2010), which constitutes the main component of the eastward-flowing 
ACC (Locarnini et al., 1993; Palmer et al., 2012). In the Scotia Sea the dominant water mass 
below the CBW is the Antarctic Bottom Water (AABW), originating mainly in the Weddell Sea 
and Ross Sea which includes the Weddell Sea Deep Water (WSDW). The WSDW comprises the 
upper and lower fractions (UWSDW and LWSDW, respectively; Fig. 2). It passes through Jane 
Basin and flows towards the Scotia Sea through four passages along the SSR: Phillip, Orkney, 
Bruce, and Discovery (Naveira Garabato et al., 2002). These passages contribute to the net 
transport of 15 ± 7 Sv over the SSR (Jullion et al., 2014). The WSDW flow across the South Scotia 
Ridge has been defined as a deep overflow that involves dense water mass undergoing mixing 
with overlying water as it escapes through a confining topographic barrier (Legg et al., 2009). A 
branch of the WSDW spreads westwards along the northern slopes of the South Scotia Ridge 
and reaches the Antarctic Pacific margin (Orsi et al., 1999; Naveira-Garabato et al., 2002). The 
upper boundary surface of the WSDW, which limits this water mass with the WDW/CBW, 
deepens along the Scotia Sea from about 1,500 m close to the SSR (Fig. 2a) to more than 3,500 
m in the northern regions (Morozov et al., 2010). Regional circulation studies suggest that the 
CBW and the WDW have a general westward flow along the northern flank of the South Scotia 
Ridge, with southward recirculation within the small basins, whereas the WSDW flows mostly 
north to northwest through the basins (Morozov et al., 2010; Tarakanov, 2010). Some authors 
propose that the re-circulation pattern also affects the deep water masses, as revealed by 
lowered Acoustic Doppler Current Profiler (LADCP) data and numerical simulations (Naveira 
Garabato et al., 2002b; Schodlok et al. 2002; Jullion et al., 2014). 
In Scan Basin, the shallowest water column is characterized by the AASW flowing with the ACC 
down to depths of around 150 m (Fig. 2b). The northernmost Discovery Bank is influenced by 
the CBW (Fig. 2; Naveira Garabato et al., 2002; Schodlok et al. 2002; Jullion et al., 2014). The 
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deepest areas of the basin are affected by the upper and lower WSDW, at depths of over 2,000 
m. Although the circulation pattern in Bruce Passage is not well known (Franco et al., 2007), 
general models indicate that re-circulation affects the water masses throughout the entire 
water column (Fig. 2b), with a northward western flow with velocities up to 15 cm s-1 and a 
weaker southward eastern flow with maximum velocities of 5 cm s-1 (Naveira Garabato et al., 
2002b). 
2.3. Stratigraphy and morphogenetic processes 
Recent studies of the Scan Basin reveal a stratigraphic architecture that includes seven seismic 
units overlying the acoustic basement, which is interpreted as oceanic crust in the northern part 
of the basin (Pérez et al., 2014a). Ages were attributed based on the magnetic anomalies of the 
igneous oceanic crust and on estimated sedimentation rates in the Scotia Sea, and the 
sedimentary infilling of the basin is proposed to have started in the Oligocene, at about 26 Ma 
(Pérez et al., 2014a). During the first stage (probably coeval with the opening of Drake Passage), 
the basin's growth pattern was heavily influenced by mass transport processes (Pérez et al., 
2014a). The sedimentary record suggests that it was followed by mainly oceanographically 
controlled sedimentation starting after the opening of gateways to the Weddell Sea from the 
middle Miocene (Bohoyo et al., 2002; Hernández-Molina et al., 2007; Pérez et al., 2014). This 
second phase of Scan Basin's evolution was, in contrast, largely controlled by the northward 
flow of deep waters from the Weddell Gyre through Jane Basin to the Scotia Sea (Maldonado et 
al., 2003; Hernández-Molina et al., 2007, 2008a; Pérez et al., 2014). The most recent seismic 
units of middle Miocene to Present-day age constitute a large contourite fan where numerous 
erosional features suggest intensified WSDW activity and a northward migration of the deposits 
(Pérez et al., 2014a). The northern area includes a complex system of depositional and erosional 
contourite features in the Scotia Sea that reflects the interaction between the WSDW and the 
ACC (Maldonado et al. 2003; Hernández-Molina et al. 2007). 
Studies on the present-day morphology have revealed erosional furrows in the southwestern 
sector of the Scan Basin resulting from the interaction of the WSDW with a set of conjugate 
strike-slip faults (Lobo et al., 2011) and reflecting the activity of fluid-escape processes (Somoza 
et al., 2014). In the northern part of the Scan Basin, the Weddell Channel is a main feature in 
the Scotia Sea contourite depositional system (Maldonado et al., 2003). Other recent processes 
include frequent mass-transport (Ruano et al., 2014) and gas seepage that have produced 
numerous craters on the western flank of the Discovery Bank (Somoza et al., 2014). 
3. Methods and Dataset 
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This work is based on geophysical databases collected on board the RV Hesperides during the 
SCAN cruises since 1997, including swath bathymetry and very high-resolution seismic 
reflection data. Swath bathymetric data were obtained with EM 12 and EM 120 SIMRAD™ 
systems. The equipment was operated at a frequency of 12 kHz and a swath aperture of 120°, 
obtaining seafloor coverage of about 3.5 times the water depth. Multibeam files were post-
processed with NEPTUNE™ and CARIS™ software. Datasets have been displayed and interpreted 
using Fledermaus™ and Global Mapper™ software. Regional bathymetric data have been 
obtained from compilations of global seafloor bathymetry (Smith and Sandwell, 1997; Ryan et 
al., 2009). About 5000 km of very high-resolution seismic profiles were acquired using a TOPAS 
PS 18 system, operating in high-penetration (chirp) mode with a primary frequency of 18 kHz 
and up to 30 kW power. The acquired signal was post-processed (band-pass filters to reduce 
noise-to-signal ratio, bottom tracking, time variable gain, swell filter, stacking, muting, and 
delay correction) using TOPAS™ and Radexpro™ software. The resulting SEG-Y files were 
imported into a Kingdom Suite™ project for interpretation. The acoustic facies analysis is based 
on the combination of an echo-facies study following the criteria first proposed by Damuth 
(1980) and further developed by Kuhn and Weber (1993) and Droz et al. (2001), and a seismic 
facies analysis of attributes including the acoustic amplitude, lateral continuity, geometry, and 
internal configuration of reflections (Payton, 1977; Veeken, 2007).  
4. Results 
4.1. Physiographic Characterization  
The Discovery and Bruce banks constitute large morphological highs, averaging 1,600–2,000 m 
water depth, but with several isolated reliefs as shallow as 600 m (Fig. 1b). Both banks are 
oriented roughly SW-NE, but Discovery Bank is fragmented into two blocks by a gap (hereafter 
Discovery Gap), and the northern block trends SSE-NNW. A narrow, steep slope (5–25 km wide, 
up to 15º steep) connects the shallow banks to the Scan Basin abyssal plain. Discovery Gap is 
about 30 km wide at depths of about 2,100 m and from there a 40 km wide relatively flat 
terrace at depths of about 2,200 m opens to the deep Scan Basin to the southwest. A smooth, 
100 km wide ramp connects the terrace to the abyssal plain, forming a base-of-slope domain 
(Fig. 1b).  
The Scan Basin abyssal plain is fan-shaped and widens from about 55 km in the proximal 
(southern) area of Bruce Passage up to 180 km at the northern opening to the Scotia Sea. The 
relatively flat seafloor has gradients generally under 0.5º, dipping NW at depths of 2,800–3,100 
m. It is interrupted by isolated elevations less than 150 m high. In the central area, the 
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transversal profile is asymmetrical, with maximum depths in the western basin. The distal part 
of the Scan Basin connects to the central Scotia Sea through the Weddell Channel (Fig. 1b). 
4.2. Morphological and Acoustic Characterization of the Scan Basin 
This study is based on the analysis of the bathymetry and high-resolution seismic profiles, which 
have allowed differentiating three acoustic facies (Fig. 3). Non-penetrative facies (I) are 
characterized by a high-amplitude seafloor reflection and the lack of penetration of the acoustic 
signal. It includes a Regular non-penetrative subtype (IA) showing a regular high-amplitude 
seafloor reflection. The Hyperbolic non-penetrative facies (IB) is characterized by diffractions of 
the non-penetrative seafloor reflection. Stratified facies (II) present layered reflections with 
medium to very high acoustic amplitude and very high lateral continuity. They occur as Parallel 
stratified facies (IIA) or Wavy stratified facies (IIB). Transparent acoustic facies (III) characterize 
irregular-to lens-shaped deposits with no internal reflections that occur either on the seafloor 
or in the subsurface.  
The morphological and acoustic characterization allows identifying a series of features that are 
classified as erosive (lineations, dendritic channels, furrows, and channels), depositional 
(sheeted deposits, sediment waves, and mounded bodies), gravitational (scarps, irregular or 
lens-shaped transparent bodies), related to fluid escape (craters) and volcanic features (Fig. 4).  
Lineations and dendritic channels are the main erosional features in the Bruce Passage area 
(Fig. 4). Lineations form a series of SSE-NNW and WSW-ENE oriented ridge-and-channel 
morphologies with reliefs of up to 100 m (Fig. 5b). Dendritic channels are narrow depressions 
up to 30 km long, 40 m deep, and 1 km wide with a general NE-SW convergent dendritic pattern 
(Fig. 4). Both lineations and dendritic channels display hyperbolic non-penetrative acoustic 
facies (IB). To the north of Bruce Passage the predominant erosional features are the N–NNW 
or NE-oriented furrows previously described by Lobo et al. (2011) and Somoza et al. (2014). 
Furrows in the western part are relatively straight and elongated (up to 20 km long and 1–2 km 
wide) with abrupt flanks some tens of metres high (Fig. 5c). In contrast, furrows in the eastern 
part are generally shorter, wider (up to 8 km long and 2–3 km wide), and smoother in relief, 
generally less than 50 m deep. Some have been partially or totally infilled by the most recent 
sedimentation (Fig. 5d). Furrows have wavy acoustic facies (IIB). Channels occur along the 
margins of the abyssal plain, around isolated morphological highs, and in the Discovery Bank 
area (Figs. 4 and 6). Along the margins of the abyssal plain channels display sinuous patterns, 
parallel to the bank flanks (Fig. 4). They are up to 40 km long, 2–3 km wide, and up to 100 m 
deep. The deeper channels occur in the distal regions of the abyssal plain, where they connect 
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with the Weddell Channel (Figs. 6i and 6j). Channels around isolated reliefs on the abyssal plain 
have a similar morphology but are more deeply incised along the western side of the reliefs 
(Figs. 6j and 6l). Channels on the Discovery Bank terrace are up to 100 m deep and 2–3 km wide 
and display high sinuousity (Fig. 4). A major channel, about 80 m deep and 3 km wide, has 
truncated reflections on its eastern flank and can be traced for more than 50 km (Fig. 6k). The 
base-of-slope area is limited laterally by two small channels, less than 20 m deep (Fig. 6m). In 
general, the channel thalwegs have regular non-penetrative (IA) or transparent (III) acoustic 
facies.  
Depositional features include sheeted deposits on the abyssal plain where the parallel stratified 
acoustic facies (IIA) predominate (Fig. 5f). Sediment waves occur mostly on the eastern and 
distal abyssal plain, on part of the Discovery Bank terrace, and on the central part of the base-
of-slope (Fig. 4). They are a few metres high with crests up to 20 km long oriented WSW-ENE in 
proximal areas that become more irregular towards the distal part of the abyssal plain (Fig. 4). 
They have wavy stratified acoustic facies (IIB; Figs. 5g and 5h). Mounded bodies are generally 
associated to channels along the margin and around isolated reliefs on the abyssal plain and on 
Discovery Bank (Fig. 4). They are generally small and irregular (20–50 m high) on the abyssal 
plain, where they form parallel, multi-crested features (Figs. 4, 5, and 6). In the Discovery Bank 
area, they are up to 300 m high and 40 km long and are associated to channels and 
morphological highs (Fig. 4). Mounded bodies display parallel to wavy stratified acoustic facies 
(IIA and IIB) where reflections generally prograde towards the channels (Fig. 5g and 5k), except 
for a body on the Discovery Bank terrace that displays truncated reflections at the channel flank 
(Fig. 6k).  
Gravitational features include scarps and transparent bodies that mostly occur on the flanks 
and foot of the Bruce and Discovery banks (Fig. 4). Scarps are particularly common on the flanks 
of the distal Discovery Bank (Figs. 4 and 7). Individual scarps are typically less than 10 km long 
and delimit steep ramps of up to 7º. Scarps are generally amphitheatre-shaped in plain view 
and tend to coalesce, especially at the distal part of the banks. Many large scarps are composed 
of laterally connected smaller semi-circular scarps between 1 and 3 km in diameter (Fig. 7d). 
They also occur at different depths, producing a step-like profile of the bank flanks and some of 
the wider scarps include smaller ones within them. The areas affected by scarps display regular 
or hyperbolic non-penetrative acoustic facies (IA, IIB). Irregular or lens-shaped transparent 
bodies are widely distributed at the foot of slopes on the bank flanks (Figs. 4 and 7b). They are 
most frequent at the foot of Discovery Bank, but are also found at the foot of isolated reliefs. 
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Transparent bodies occur on the surface but also in the sub-surface record, interbedded within 
mounded bodies at the margins of the abyssal plain (Figs. 4, 7n). 
Fluid-escape features include the craters described by Somoza et al. (2014) on Discovery Bank. 
They occur at depths averaging 2,100 m (Fig. 7d) and have circular to elliptical shape with 
diameters of 0.3–2.5 km and depths of up to 200 m. They occur generally as isolated features 
although in some cases they may result from the amalgamation of several craters, particularly 
in the eastern part of the study area. They are especially common on the top of mounded 
bodies, but absent in the thalweg and channel rims. The area affected by craters has wavy 
stratified facies (IIA). The volcanic features comprise numerous cone-shaped morphological 
highs in the two blocks of Discovery Bank (Fig. 4). They have diameters of 10–15 km and heights 
of up to 800 m. They display hyperbolic non-penetrative acoustic facies (IB) on their top and 
stratified facies (IIA and IIB) on their flanks. 
4.3. High-resolution seismic stratigraphy 
Based on the analysis of the TOPAS profiles, five seismic units have been identified in the 
central and distal areas of the Scan Basin abyssal plain. They lie within the younger Seismic Unit 
I, of late Pliocene-Quaternary age of Pérez et al. (2014a) and are named U5 to U1 from older to 
younger (Figs. 8a and 8b). Seismic units mostly exhibit parallel or wavy stratified acoustic facies 
(IIA and IIB) with very high continuity along the entire basin floor. They have erosional limits at 
the margins of the abyssal plain, often related with transparent bodies that become generally 
conformable throughout the rest of the abyssal plain. Seismic unit U5 is relatively thin, with a 
maximum thickness of about 40 ms in a depocenter in the distal deepest part of the basin and 
less than 15 ms in the rest of the area (Fig. 8c). Seismic unit U4 has two main depocenter on the 
western and eastern sides of the abyssal plain (maximum thickness of 34 ms) and a secondary 
depocenter of about 20 ms in a more proximal basin location. Seismic unit U3 shows a 
maximum thickness of about 60 ms in the distal part of the abyssal plain and an area of low 
thickness in the eastern part (Fig. 8c). 
Seismic units U2 and U1 have some differential characteristics compared with the older U5-U3 
seismic units (Figs. 8d and 8e). The differences include: 1) A marked increase in seismic 
amplitude. 2) A change in the distribution pattern. Seismic units U2 and U1 have significantly 
greater thickness that progressively increases towards the distal areas, where they reach values 
of more than 150 ms. They display marked lateral changes along the units (particularly in the 
vicinity of depressions) and they exhibit patchy distribution in the distal and marginal parts of 
the abyssal plain. 3) A change in the depositional style in the furrows region, from an erosional 
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character represented by units U5 to U3 to the partial or total infilling of most of these features 
by units U2 and U1 (Fig. 8d). The present-day mounded topography is also attributed to seismic 
units U2 and U1, which also display a more marked progradational configuration in the 
mounded bodies (Fig. 8). And 4) the base of the two most recent seismic units at the margins of 
the abyssal plain show a more pronounced erosional character than the older ones, locally 
characterized by a very high acoustic amplitude reflector (Fig. 8e). It is often associated with 
lens-shaped or irregular bodies of transparent facies at the margins of the abyssal plain. 
Although U2 and U1 have similar seismic characteristics compared to the older seismic units, 
they are separated by a discontinuity that marks an internal increase in acoustic amplitude and 
is laterally correlated with the base of transparent bodies at the limits of the abyssal plain. 
Differences in terms of the migration of wavy reflections and the occurrence of acoustic 
blanking features can also be identified in the two subunits (Fig. 8e). They have similar 
thickness, but subunit U1 displays a more distinct patchy distribution along the distal abyssal 
plain (Fig. 8c). 
5. Discussion 
5.1. Interpretation of the morphological features: Sedimentary processes 
The physiography of the Scan Basin is a fan-shaped abyssal plain bounded by the steep, narrow 
slopes of Bruce and Discovery banks in the central Scotia Sea and isolated from any major 
source of continental sediment input (Fig. 1). The general absence of a well-developed base of 
slope/continental rise domain suggests the relatively slight influence of downslope depositional 
processes in the recent evolution of the Scan Basin. Mass-wasting processes derived from the 
continental margins of the Antarctic Peninsula largely occurred during the initial phases of 
development, when the basin was located in a westward position before the middle Miocene 
(Pérez et al., 2014a). Since then, the WSDW flow has dominated sedimentation in the basin 
(Hernández-Molina et al., 2007; Pérez et al., 2014a). The base-of-slope off Discovery Gap likely 
results from a relatively high occurrence of mass-wasting processes favoured by seismic activity 
caused by the abundant volcanic edifices in the region (Fig. 4). 
The distribution of morphological features in the Scan Basin allows the distinction of two 
regions: (1) the abyssal plain, dominated by erosional features in the proximal Bruce Passage 
area, depositional features in the central part, and associations of erosional and depositional 
features along the margins; and (2) the banks, characterized by an irregular physiography, a 
relatively thinner sediment drape, and an abundance of volcanic edifices and fluid-escape 
features (Figs. 4 and 7). The two regions are connected by the slopes, which are mostly 
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characterized by gravitational features. The late Pliocene-Quaternary sedimentary evolution of 
these two regions reflects the action of bottom currents, and their depositional and erosional 
features are interpreted according to the nomenclature proposed by McCave and Tulholke 
(1986), Faugères et al. (1999), and reviewed by Rebesco et al. (2014). 
5.1.1. The abyssal plain 
The proximal region within the abyssal plain reflects the action of high-energy bottom current 
circulation as it is characterized by hyperbolic non-penetrative acoustic facies (Mézerais et al., 
1993; Faugères et al., 2002) that are the result of a reduced sedimentary cover (Fig. 8) and the 
excavation of lineations and dendritic channels (Fig. 4). The channels and associated mounded 
deposits in the central and marginal areas are interpreted as contourite moats and mounded 
drifts. Moats are eroded by bottom currents along the foot of the slopes (left-hand side of the 
current) and mounded drifts are deposited along its right-hand flank due to the decrease in 
velocity and the effect of the Coriolis force influencing the migration of flows in a leftward 
direction for the Southern Hemisphere (Mougenot and Vanney, 1982; Gonthier et al., 1984; 
Faugères and Stow, 1993; Faugères et al., 1993, 1999). Furrows are indicators of the erosional 
activity of bottom currents and are initiated by helical secondary circulation in the bottom 
layers, being later eroded by current flows within the incipient depressions (e.g. Flood, 1994). 
Erosional furrows in the Scan Basin western abyssal plain (Figs. 4 and 5) result from the 
interaction between a northward-flowing bottom current and the scarps of the strike-slip faults 
(Lobo et al., 2011). The NNE trend of furrows, oblique to the current flow, points to the 
erosional activity of small current filaments detached from the main flow towards its right-hand 
side within the bottom Ekman layer (Pedlosky, 1996), as inferred from similar furrows identified 
in the Gulf of Cádiz as erosional products of the Mediterranean Outflow Water (Hernández-
Molina et al., 2014). The location of furrows has alternatively been related to fluid-venting 
structures (Somoza et al., 2014). This type of feature is also prone to be progressively deformed 
from crater-like depressions into elongated depressions by the reworking effect of bottom 
currents (Bøe et al., 1998; Andresen et al., 2008). Furrows in the eastern Scan Basin (Figs. 4 and 
5) likely result from the activity of flow filaments detached from a south-westward-flowing 
current of lower velocity, as suggested by their less consistent trend and size (Lobo et al., 2011). 
The stratified deposits in the central sector of the abyssal plain (Figs. 4 and 6) are interpreted as 
sheeted drifts. These drifts reflect a lower-energy environment (Mézerais et al., 1993; Faugères 
et al., 1998; 2002) and suggest the activity of currents flowing as tabular water masses 
throughout most of the central abyssal plain (Hernández-Molina, 2008). The irregularity of the 
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sediment waves, their crest orientation, and their asymmetry suggest a bottom current-related 
origin (Wynn and Stow, 2002). 
5.1.2. The banks region 
Discovery Bank is characterized by isolated volcanic edifices (Fig. 4) that are part of the 
widespread volcanic manifestations that affect the entire bank (Vuan et al., 2005; Pérez et al., 
2014a). Shallow areas are dominated by sheeted drifts in the flat central areas and by channels 
and associated mounded deposits interpreted as contourite moats and drifts (Faugères et al., 
1993, 1999). Channels around the volcanic edifices develop as contourite moats related to the 
complex interaction of bottom currents around isolated obstacles (Roberts et al., 1974; McCave 
and Carter, 1997; Hernández-Molina et al., 2006). The sheeted deposits on the base-of-slope 
that evolve laterally to mounded deposits limited by channels (Fig. 6f) are interpreted as 
confined drifts, whereas the stratified deposits on the slope form a plastered drift attached to 
the flank of the bank (Rebesco et al., 2014). 
Craters in Discovery Bank (Fig. 7) reflect fluid-escape processes in an area where bottom 
simulating reflectors (BSRs) have been recognized suggesting the presence of gas hydrates and 
diagenetic processes (Somoza et al., 2014), while widespread slope instability is suggested by 
the abundant scarps and transparent bodies on the bank flanks (Figs. 6 and 7) that constitute 
mass transport deposits (MTDs; Ruano et al., 2014). Instabilities may be related to the character 
of contourite sediments due to factors including the low shear-strength of deposits, under-
consolidation and excess pore pressure, loading and gas charging, and the seabed-smoothing 
effect of contourite deposition (Bryn et al., 2005; Laberg and Camerlenghi, 2008). The spatial 
distribution of craters and slide scarps (Figs. 7 and 9) points to a relationship between 
contourite sedimentation, fluid-venting processes, and sediment instability. The relatively high 
sedimentation rate related with contourite deposition may explain the occurrence of fluid-
escape processes and the higher density of craters on the mounded drifts, since high 
sedimentation rates would favour fluid expulsion, creating mass defects under the seaﬂoor 
followed by gravity collapse to generate the craters (Josenhans et al., 1978; Hovland, 1984; Gay, 
2002). In contrast, the total absence of craters within contourite channels (Fig. 9a) results from 
lower sedimentation rates and/or the erosional activity of the currents reworking and eroding 
the fluid-venting structures, impeding their present-day morphological expression. A detailed 
analysis of the slide scars on Discovery Bank reveals that they are composed of small, 
amalgamated 1–2.5 km wide semi-circular scarps that strongly resemble the shape and 
dimensions of fluid-venting craters (Fig. 9b).  
AC
CE
PT
ED
 M
AN
US
CR
IP
T
ACCEPTED MANUSCRIPT
13 
 
Slide scars mostly occur on the western flank of Discovery Bank, where very few present-day 
craters can be identified (Figs. 4 and 9). This suggests that craters have a major influence on the 
distribution of mass-wasting processes. The influence of fluid-escape processes on sediment 
stability has been established in different geological settings (Bayon et al., 2009; Plaza-Faverola 
et al., 2010; Frey-Martínez et al., 2011). The injection of escaping ﬂuids into the sediment may 
increase pore pressure, but the craters themselves can form discontinuities of reduced shear 
resistance, promoting destabilization, even after fluid-seepage activity has ceased (Lastras et 
al., 2007). In addition to the fluid-escape control, other factors may contribute to failure in this 
area, including the steep slopes of the banks margins (Casas et al., 2004; Laberg and 
Camerlenghi, 2008), highly energetic oceanographic regime (see review in Rebesco et al., 2014; 
Hanebuth et al., 2015), and widespread seismicity associated to the intense deformation in the 
Scotia-Antarctica plate boundary region (Bohoyo et al., 2007; Pérez et al., 2014; Ruano et al., 
2014). Moreover, as observed at the foot of Discovery Bank, the deposition of mass-wasting 
deposits modifies the geometry of the contourite deposits (Fig. 7b), which may affect bottom 
circulation, which tends to adapt to the newly generated topography.  
5.2. The Scan contourite fan  
The main deposits along the abyssal plain of the Scan Basin are interpreted as a contourite fan 
produced by the flow of the WSDW; it represents the most proximal depositional element of 
the important deep-water flow system of the Scotia Sea (Maldonado et al., 2003; Hernández-
Molina et al. 2007). Figure 10 shows a sketch of the flow patterns affecting the seafloor as 
inferred from the high-resolution stratigraphic and morphological analysis. The WSDW flow is 
enhanced as it crosses Bruce Passage (Hernández-Molina et al., 2007; Maldonado et al., 2003; 
Tarakanov, 2009; Morozov et al., 2010; Pérez et al., 2014a) and is responsible for the proximal 
erosional features (Fig. 10). As it is affected by the Coriolis force, it generates the contourite 
moats and associated mounded drifts on the western side of the abyssal plain (Fig. 4). On the 
eastern side, in contrast, contourite moats and drifts are smaller and have less lateral 
continuity. In addition, erosion is less evident, all of which suggests a relatively less energetic 
south-westward current, consistent with the counter-current identified in the eastern Bruce 
Passage (Naveira Garabato et al., 2002a). This is also in agreement with the development of 
furrows as the result of the interaction of filaments of the bottom current with the seafloor 
(Figs. 4 and 10), which erodes deeper, NNE-trending furrows in the western part (WSDW main 
core) and smaller furrows on the eastern side. This may be related to the slower flow velocity 
(Lobo et al., 2011), but it could also reflect the higher variability affecting this type of counter-
currents (Mézerais et al., 1993; Faugères et al, 1998, 2008; Morozov et al., 2010). The central 
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abyssal plain is dominated by tabular, less-energetic flows (Pérez et al., 2014a) that result in the 
deposition of sheeted drifts and sediment waves (Fig. 4).  
The distal contourite fan represents a more complex depositional setting (Fig. 4). The distal 
channels are connected to the Weddell Channel, which is related to the northward-flowing 
WSDW (Maldonado et al. 2003). In contrast, contourite moats and drifts along the foot of 
Discovery Bank and the asymmetry of channels surrounding isolated obstacles on the distal 
abyssal plain suggest an E- to SE-trending bottom current (Roberts et al., 1974; McCave and 
Carter, 1997; Hernández-Molina et al., 2008a; Hanebuth et al., 2015). Oceanographic models 
suggest that the abyssal plain is swept by WSDW flowing northward along the western basin 
and southward along the eastern basin (Fig. 2). We propose that in the distal part of the Scan 
Basin abyssal the WSDW is split into a main northward-flowing core that continues flowing 
toward the Scotia Sea and a weaker counter-current that flows southeast (Fig. 10). This weaker 
flow could be intensified by interaction with the steep flanks of Discovery Bank, thus generating 
the contourite moats and associated drifts. This complex circulation pattern may be responsible 
for the increasing variability of sediment waves (Stow et al., 2009) and for the complex 
contourite deposits, including multi-crested drifts (Stoker et al., 1998). 
Discovery Bank includes landforms of contourite origin consistent with the circulation pattern of 
the generally eastward-flowing CBW/WDW that affect the shallow bank as they flow with the 
ACC (Figs. 2a and 10; Morozov et al., 2010; Tarakanov, 2010). The confined and plastered drifts 
on the base-of-slope connecting Discovery Bank with the abyssal plain also suggest a NE-
trending deep flow, probably also related with the CBW/WDW (Fig. 10). In this area, the 
complex sedimentary pattern may be favoured by the high-energy depositional setting resulting 
from the interface-related processes at the transition zone between the CDW/WDW and the 
WSDW as it occurs in other areas where water masses circulation affects sedimentation 
(Hernández-Molina et al., 2009; Preu et al., 2013; Rebesco et al., 2014; Hanebuth et al., 2015).  
5.3. Late Pliocene-Quaternary sedimentary evolution of Scan Basin  
The five high-resolution seismic units defined in this study lie within the most recent low-
resolution seismic unit, Seismic Unit I (Fig. 8) of Pérez et al. (2014a). Despite the lack of direct 
chrono-stratigraphic control this unit was attributed to late Pliocene-Quaternary to Present age 
(3.8-0 Ma) by correlation with the works of Maldonado et al. (2003, 2005, 2006b), based on 
estimations of magnetic anomalies of the igneous oceanic crust and on the sedimentation rates 
estimated in the Scotia Sea (Pérez et al., 2014a). Seismic Unit I has been interpreted as a 
massive, northward-migrating contourite fan deposited after the opening of Bruce Passage 
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(Hernández-Molina et al., 2007; Pérez et al., 2014a). The distinct stratigraphic changes observed 
between the older units U5 to U3 and the most recent units U2 and U1 are interpreted as being 
the result of changes in the bottom-current patterns. During deposition of seismic units U5 to 
U3, the WSDW would have affected the entire width of the basin, being less energetic and 
therefore less capable of producing significant erosion/deposition. In contrast, seismic units U2 
and U1 reflect intensifications in the current flow, probably due to latitudinal displacements of 
the interphase between the WSDW and the ACC that enhanced the erosional capacity of this 
flow on the western side of the abyssal plain. This would have displaced the WSDW core 
towards Bruce Bank and allowed the formation of the recirculation core along the eastern 
margin of the basin. This almost cyclonic circulation pattern would produce flow concentration 
along the flanks of the banks, leaving a central region of reduced energy, displaced to the east 
of the basin, which also coincides with the base-of-slope domain. This scenario indicates that 
the characteristics of subunits U2 and U1 would indicate successive events of current 
intensification during the Late Pliocene-Quaternary. Although chronostratigraphic correlations 
are not possible in the high-resolution datasets interpreted in this study, these events may be 
related to climatic events since the late Miocene that affect the pattern of interaction with the 
ACC flow, involving increased bottom-current circulation and WSDW generation (Anderson and 
Shipp, 2001; Hillenbrand and Ehrmann, 2005). 
5.4. The Scan contourite fan: Implications for sedimentary models 
Deposits within the Scan Basin abyssal plain can be considered as a contourite fan, or a channel-
related drift, developed downstream of a channel exit (Mézerais et al., 1993; Faugères et al., 
1998; Faugères et al., 2002, 2008). The strong topographic control on deep-water circulation is 
the main characteristic of this type of contourite drifts (Reed et al., 1987; Mézerais et al., 1993; 
Faugères et al., 1998). Taking into account the basin evolution since the opening of the basin 
(Hernández-Molina et al., 2007; Pérez et al., 2014a), the contourite deposits in the Scan Basin 
share some of the diagnostic features of contourite fans: 1) association with deep-water 
channels or gateways through which bottom circulation is constrained, which leads to an 
increase in flow intensity and velocity; 2) similar size (a few hundreds of kilometres in width and 
radius); 3) a depositional stacking pattern characterized by vertical aggradation and a 
progradation of deposits towards distal positions from the exit of the gateway; and 4) an 
association of acoustic facies on the depositional body that indicates variations in deep-water 
current speed in different parts of the system. Nevertheless, the Scan Basin contourite fan has 
some differential characteristics since it is fed by the WSDW flowing through only one channel 
on the western side of the basin, whereas the eastern channel features are the result of local 
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recirculation. Deposition in the abyssal plain would only be constrained by the topographical 
barriers of Bruce and Discovery banks, although a similar configuration to that of the Vema fan 
and Sunda drift occurs in distal regions, where channels develop at the foot of the two banks 
(Reed et al., 1987; Faugères et al. 1993; Mézerais et al. 1993; Faugères et al. 1998). 
6. Summary and conclusions 
Two distinct depositional systems are recognized in the Scan Basin in the late Pliocene-
Quaternary record. The abyssal plain system is defined as a contourite fan that is the most 
proximal element of a major contourite depositional system related with the WSDW flow in the 
Scotia Sea. It is controlled by incursions of the WSDW, preferentially along the western side of 
the basin, and by its partial recirculation along the eastern side. The Discovery Bank system is 
more directly influenced by eastward flow of the CBW and WSDW. The distribution and 
characteristics of the morphological features composing these systems are defined by bottom-
current activity and its interplay with seafloor topography, and also reflect the interaction 
between a suite of secondary phenomena, including mass wasting and fluid escape. 
Shallow high-resolution stratigraphy of the Scan Basin indicates oceanographic changes during 
the late Pliocene-Quaternary, probably influenced by interaction between the Weddell and 
Scotia seawater masses. The study of these interactions based on high-resolution datasets 
provides valuable information on oceanographic and climate changes that affect global 
circulation. To further understand recent sedimentary and oceanographic changes and to 
integrate them with regional models of the Scotia Sea depositional history, more precise 
stratigraphic constraints should be established by chronological correlations with marine 
sediment cores in the Scan Basin. Characterization of the Scan Basin depositional system 
contributes to the knowledge of contourite fans, which have up to now been scarcely studied 
compared to other types of contourite systems, and demonstrates that a similar configuration 
to that of the classic models reflects a more complex oceanographic setting. 
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FIGURE CAPTIONS 
Figure 1. Study area. a) Regional bathymetry of the Scotia Sea region, showing the small 
basins connecting the Weddell Sea with the Scotia Sea and the location of Scan Basin at 
the eastern extreme of the southern Scotia Sea. Source: Smith and Sandwell, 1997. b) 
Detailed bathymetry of Scan Basin, limited by Bruce and Discovery banks, divided by a 
gap into a northern and a southern block. Source of data: Marine Geoscience Data 
System (Ryan et al., 2009). 
Figure 2. Oceanographic characterization of the Scan Basin region. a) Water masses and 
general circulation patterns, illustrating the direction of flow of the CBW, WDW, and 
WSDW. Modified from Morozov et al. (2010). b) Transversal profile across Bruce 
Passage showing the vertical distribution of flow velocity and the distribution of water 
masses with depth. Modified from Naveira-Garabato et al. (2002). 
Figure 3: Acoustic facies characterization of Scan Basin. a) Facies distribution map 
showing the location of selected profiles. b) to f) TOPAS profiles illustrating the 
characteristics of the non-penetrative, stratified, and transparent acoustic facies 
identified in this study. 
Figure 4. Morphological map showing the distribution of the erosional, depositional, 
gravitational, volcanic and fluid-escape-related morphological features identified in 
Scan Basin.  
Figure 5. Morphological characteristics of erosional features (lineations, furrows and 
channels) and depositional features (sheeted deposits, sediment waves and mounded 
deposits). Figure 5a shows the locations of the TOPAS profiles and detailed bathymetric 
maps displayed in Figs. 5, 7 and 10. Please note that horizontal scale varies between 
profiles. 
Figure 6. Morphological characteristics of erosional (channels) and depositional 
(stratified deposits and mounded bodies) features in Scan Basin. The location of profiles 
and bathymetric detailed map are shown in Fig. 5a.  
Figure 7. Morphological characterization of mass-wasting (bodies of transparent facies 
and scarps) and fluid-escape-related features (craters). The location of the bathymetric 
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map in 7a is shown in Fig. 5a. Figure 7d shows a morphological interpretation of these 
features on the Discovery Bank terrace (see location in Fig. 7a).  
Figure 8. Seismic stratigraphic characterization of the Scan Basin abyssal plain. a) and b) 
TOPAS profile from this study superposed on a multichannel seismic profile from Scan 
basin that shows the seismic units and age attribution at a basin scale, modified from 
Pérez et al. (2014a). b) shows the seismic units U1 to U5 defined in this work. c) 
Isochore maps of each seismic unit. d) and e) Main characteristics of the seismic units in 
TOPAS profiles. Profile location is shown in Fig. 8c.  
Figure 9. a) Morphological characterization of Discovery Bank (location shown in Fig. 7a) 
showing the distribution of craters and slide scars and the inferred distribution of 
craters evolved into scars. b) Detailed bathymetric map illustrating the morphological 
correlation between craters and slide scars.  
Figure 10. Schematic diagram of the circulation pattern inferred from the study of the 
Scan Basin and Discovery Bank CDS features. It includes a northward WSDW flow close 
to Bruce Bank, a weak recirculation close to Discovery Bank and the eastward-north-
eastward flow of the CBW/WDW associated to the AAC.  
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